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DETAILED ACTION 

This Office Action is in response to the Amendment filed on May 27, 2005. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 17-19, 25, 26, and 28-32 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Hsiao et al. (US 6,391 ,705 B1 ) in view of Gruening et al. (US 
6,184,091 B1). 

In re claim 17, Hsiao et al. discloses (figs. 2-1 OA) a method for fabricating a 
memory device with a vertical transistor and a trench capacitor, comprising: providing a 
substrate (200); forming at least one deep trench (302) in the substrate; forming a 
trench capacitor (504) in the bottom of the deep trench; forming a conducting wire (604 
and 702) on the trench capacitor; forming a trench top insulating layer (802) on the 
conducting wire, and forming a control gate (1 104) on the trench top insulating layer. 
Hsiao shows all of the elements of the claims except the trench top insulating layer 
consisting of a first insulating layer and a second insulating layer surrounded by the first 
insulating layer. Gruening et al. discloses a method of forming a memory device 
comprising the step of forming a top insulating layer (40 in fig. 3) having a first insulating 
layer (36) and a second insulating layer (44) surrounded by the first insulating layer. 
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With such a configuration, an improved trench top insulation layer is formed (col. 5, lines 
13-19). Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the trench top oxide of Hsiao by using a first and 
second insulating layer as taught by Gruening to form an improved, reliable trench top 
insulation. 

In re claims 18 and 19, Hsiao shows (fig. 12A) the method further comprising a 
buried strap (704) in the substrate beside the conducting wire to electrically connect the 
control gate as a drain and a doped area in the substrate beside the control gate as a 
source (1210). 

In re claims 25 and 26, Gruening discloses (col. 4, line 59 - col. 5, line 19) that 
the first insulating layer is nitride and the second insulating layer is TEOS oxide. 
Gruening also discloses (col. 5, lines 38-41) that the thickness of the second insulating 
layer is within the range recited in claim 26. 

In re claims 28-31 , as far as understood, Hsiao shows (fig. 7) that the conducting 
wire has a first conducting layer (604) and a second conducting layer (702), the first 
conducting layer of the conducting wire and the substrate are isolated by a circular 
insulating layer (602), and the second conducting layer is formed on the first conducting 
layer and the circular insulating layer. The first conducting layer is a doped poly layer or 
a doped epi-silicon layer, the second conducting layer is a poly layer or an epi-silicon 
layer, and the circular insulating layer is a silicon oxide layer (col. 3, line 41 col. 4, 
Iine13). 
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In re claim 32, Hsiao shows (fig. 10A) that the control gate consists of a gate 
conducting layer (1 104) and a gate oxide layer (1002), and the gate conducting layer 
consists of a poly layer, a WSi layer, a metal layer, or a composite thereof (col. 5, lines 
20-28). 

Claims 20-24 and 27 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Hsiao et al. (US 6,391,705 B1) in view of Gruening et al. (US 6,184,091 B1) as 
applied to claim 17 above, and further in view of Nitayama et al. (US 6,720,606 B1). 

In re claims 20-24, Hsiao in view of Gruening show all of the elements of the 
claims except the first insulating layer being and oxide nitride layer. Nitayama et al. 
discloses (col. 11, lines 25-38) discloses a method of forming an insulator (130) for a 
trench capacitor. The insulating liner portion comprises about 5nm (50 Angstroms) of 
oxide and about 5nm (50 Angstroms) of nitride. The oxide is formed by thermal 
oxidation and the nitride is formed by CVD. Although the references don't disclose the 
desired range of the oxide layer thickness of the oxide-nitride, it would have been 
obvious to one of ordinary skill in the art to make the thickness of the oxide within the 
desired range, since it has been held that where the general conditions of a claim are 
disclosed in the prior art, discovering the optimum or workable ranges involves only 
routine skill in the art. In re Aller, 105 USPQ 233. Therefore, it would have been obvious 
to one of ordinary skill in the art at the time the invention was made to modify the single 
nitride first insulating layer of Hsiao and Gruening by substituting it with an oxide-nitride 
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layer as taught by Nitayama to provide a more reliable insulating liner for the trench top 
insulation. 

In re claim 27, Nitayama further discloses (col. 1 1 , lines 25-38) that a subsequent 
TEOS layer is formed by LPCVD. 

Claims 33-35, 41 , 42, and 44-47, as far as understood, are rejected under 35 
U.S.C. 103(a) as being unpatentable over Hsiao et al. (US 6,391,705 B1) in view of 
Jammyetal. (US 6,222,218 B1) and Gruening et al. (US 6,184,091 B1). 

In re claim 33, as far as understood, Hsiao et al. discloses (col. 3, line 42 - col. 5, 
line 40) and figs. 2-1 OA) a method for fabricating a memory device with a vertical 
transistor and a trench capacitor, comprising: providing a substrate (200); forming at 
least one deep trench (302) in the substrate; forming a trench capacitor (504) in the 
bottom of the deep trench; forming a insulating layer (602) on the trench capacitor, a 
sidewall of the deep trench, and the substrate; etching the insulating layer until the 
insulating layer on the trench capacitor and the substrate is removed to form a circular 
insulating layer (602) on the sidewall of the deep trench (col. 3, lines 40-55); filling a first 
conducting layer (604) in the deep trench; etching the first conducting layer to expose 
the circular insulating layer (col. 3, lines 55-65); forming a second conducting layer 
(702) on the first conducting layer, the circular insulating layer, the sidewall of the deep 
trench, and the substrate; partially etching the second conducting layer to remove the 
second conducting layer on the sidewall of the deep trench and the substrate (col. 4, 
lines 1-1 3), in which a conducting wire consists of the first conducting layer and the 



Application/Control Number: 1 0/738,472 Page 6 

Art Unit: 2815 

second conducting layer; conformably forming a first insulating layer (706) on the 
second conducting layer, the sidewall of the deep trench, and the substrate; partially 
etching the first insulating layer to remove the first insulating layer on the second 
conducting layer and the substrate to form a spacer on the sidewall of the deep trench 
(col. 4, lines 29-42); filling a second insulating layer (802) in the deep trench; etching the 
first insulating layer to remove the first insulating layer on the sidewall above the second 
insulating layer; and forming a control gate (1004) on the trench top insulating layer. 
Hsiao shows all of the elements of the claims except the method of etching the circular 
insulating layer to below the first conducting layer. Jammy et al. discloses a process 
(see figs. 3f-3i) of forming a trench capacitor comprising etching the circular insulating 
layer (30) to below the first conducting layer (32) in the deep trench (col. 8, line 62 - col. 
9, line 26). A second conducting layer (34) is formed on the first conducting layer and 
the circular insulating layer and is then etched to leave the second conducting layer 
coning the first conducting layer and the circular insulating layer (fig. 3i and col. 9, lines 
18-26). With this configuration, the buried strap outdiffusion is limited, thus improving 
the electrical characteristics of the device. Therefore, it would have been obvious to 
one of ordinary skill in the art at the time the invention was made to modify the 
conducting wire of Hsiao by forming the second conducting layer coning the first 
conducting layer and circular insulating layer as taught by Jammy to limit the 
outdiffusion of a subsequent buried strap, thus improving the electrical characteristic of 
the device. 
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Neither reference discloses the process of forming the trench top insulating layer 
which includes etching the second insulating layer to expose the first insulating layer 
and etching the first insulating layer to remove the first insulating layer on the sidewall 
above the second insulating to leave the first insulating layer on a sidewall of the 
second insulating layer, in which a trench top insulating layer consists of the first 
insulating layer and the second insulating layer. Gruening et al. discloses (figs. 2-5) a 
method of forming an improved trench top insulating layer comprising etching a second 
insulating layer (44) to expose the first insulating layer (36) (col. 5, lines 13-19) and 
etching the first insulating layer to remove the first insulating layer on the sidewall above 
the second insulating to leave the first insulating layer on a sidewall of the second 
insulating layer (col. 5, lines 52-67), in which a trench top insulating layer consists of the 
first insulating layer and the second insulating layer. Therefore, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made to modify 
the trench top oxide of Hsiao by forming and etching a first and second insulating layer 
as taught by Gruening to form an improved, reliable trench top insulation. 

In re claims 34 and 35, Hsiao shows (fig. 12A) the method further comprising a 
buried strap (704) in the substrate beside the conducting wire to electrically connect the 
control gate as a drain and a doped area in the substrate beside the control gate as a 
source (1210). 

In re claims 41 and 42, Gruening discloses (col. 4, line 59 - col. 5, line 19) that 
the first insulating layer is nitride and the second insulating layer is TEOS oxide. 
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Gruening also discloses (col. 5, lines 38-41) that the thickness of the second insulating 
layer is within the range recited in claim 42. 

In re claims 44-46, Hsiao discloses that the first conducting layer is a doped poly 
layer or a doped epi-silicon layer, the second conducting layer is a poly layer or an epi- 
silicon layer, and the circular insulating layer is a silicon oxide layer (col. 3, line 41 col. 
4, Iine13). 

In re claim 47, Hsiao shows (fig. 10A) that the control gate consists of a gate 
conducting layer (1 104) and a gate oxide layer (1002), and the gate conducting layer 
consists of a poly layer, a WSi layer, a metal layer, or a composite thereof (col. 5, lines 
20-28). 

Claims 36-40 and 43 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Hsiao et al. (US 6,391 ,705 B1 ) in view of Jammy et al. (US 6,222,21 8 B1 ) and 
Gruening et al. (US 6,184,091 B1) as applied to claim 33 above, and further in view of 
Nitayama et al. (US 6,720,606 B1). 

In re claims 36-40, Hsiao in view of Jammy and Gruening show all of the 
elements of the claims except the first insulating layer being and oxide nitride layer. 
Nitayama et al. discloses (col. 11, lines 25-38) discloses a method of forming an 
insulator (130) for a trench capacitor. The insulating liner portion comprises about 5nm 
(50 Angstroms) of oxide and about 5nm (50 Angstroms) of nitride. The oxide is formed 
by thermal oxidation and the nitride is formed by CVD. Although the references don't 
disclose the desired range of the oxide layer thickness of the oxide-nitride, it would have 
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been obvious to one of ordinary skill in the art to make the thickness of the oxide within 
the desired range, since it has been held that where the general conditions of a claim 
are disclosed in the prior art, discovering the optimum or workable ranges involves only 
routine skill in the art. In re Alter, 105 USPQ 233. Therefore, it would have been obvious 
to one of ordinary skill in the art at the time the invention was made to modify the single 
nitride first insulating layer of Hsiao, Jammy, and Gruening by substituting it with an 
oxide-nitride layer as taught by Nitayama to provide a more reliable insulating liner for 
the trench top insulation. 

In re claim 43, Nitayama further discloses (col. 1 1 , lines 25-38) that a subsequent 
TEOS layer is formed by LPCVD. 

Response to Arguments 

Applicant's arguments filed with respect to claims 17-47 have been fully 
considered but they are not persuasive. The applicant primarily asserts that the prior art 
references do not show all of the elements of the claims, specifically that Gruening et al. 
does not cure the deficiencies of Hsiao et al. because the nitride layer (36) of Gruening 
is stripped from the trench sidewall. The examiner believes that the cited references 
show all of the elements of the claims. As stated in the rejection above, Hsiao et al. 
shows all of the elements of the claims except the trench top insulating layer consisting 
of a first insulating layer and a second insulating layer surrounded by the first insulating 
layer. Gruening was cited to cure that deficiency. Although Gruening states that the 
sidewall insulation layer (36) is stripped from the sidewall of the trench, Gruening does 
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not specifically state that the portion of the sidewall insulation layer (36) adjacent and 
surrounding the trench top isolation layer (44) is stripped. In figure 5 of Gruening, the 
dark portions of trench top isolation layer (44) pertain to the remaining portions of the 
sidewall insulation layer (36), thus being a second insulating layer surrounding the first 
insulating layer. If the sidewall insulation layer (36) were completely stripped even in the 
portions surrounding the trench top isolation layer (44), then trench top isolation layer 
would cease to completely isolate the lower capacitor from the conductor (56) located 
above. Thus one of ordinary skill in the art would look to Gruening for a trench top 
insulating layer consisting of a first insulating layer and a second insulating layer 
surrounded by the first insulating layer to form an improved, reliable trench top 
insulation layer. Therefore, the cited references show all of the elements of the claims 
and this action is made final. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
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the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Matthew E. Warren whose telephone number is (571 ) 
272-1737. The examiner can normally be reached on Mon-Thur and alternating Fri 
9:00-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas can be reached on (571) 272-1664. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



MEW 

August 4, 2005 



